Influenza B is a substantial component of the annual mix of seasonal flu viruses. One of the essential proteins in this virus is BM2, a small membrane protein with a single transmembrane helix that, as a tetramer, forms a proton channel 1 . In this issue of Nature Structural & Molecular Biology, James Chou and co-workers describe the structure of BM2 (ref. 2) , the first full-length proton channel to be structurally characterized. Membrane proteins and especially small α-helical membrane proteins continue to be a very challenging arena for structural biology, partly due to the large ratio of hydrophobic surface area to protein volume, which requires a good membrane-mimetic model for the native environment. This BM2 structure was solved by studying two overlapping constructs, one harboring the transmembrane or channel domain and the other the cytoplasmic or M1-binding domain. This report adds to the growing justification for structural studies of isolated functional domains, which can lead to important functional and biophysical insights for membrane proteins.
The influenza M2 proteins (the 97-residue AM2 and 109-residue BM2 from influenza A and B, respectively; Fig. 1 ) are the smallest ion channels that have ion selectivity as well as gating properties 3, 4 . Their transmembrane domains (AM2 residues 25-46 and BM2 residues 6-26) form the proton-selective channels. Even minimalistic constructs of this domain have proton selectivity and acid activation properties, and the AM2, but not the BM2, channel can be blocked by the antiflu drugs amantadine and rimantadine 1, 2 . Full native channel conductance properties appear to require somewhat more of the intact protein 5 , although this seems to be more of a structural rather than a sequence requirement. BM2 has very little sequence identity with AM2, except for the HxxxW signature sequence for a proton channel.
Despite the low homology, the conductance rates of the two channels are similar.
The two structures that Chou and co-workers describe in this issue 2 are shown in Figure 1 , which displays just the side chains, highlighting the oxygen and nitrogen atoms. The transmembrane domain is characterized by only a few hydrophilic residues, most of which line the aqueous pore. Both ends of the pore are hydrophilic, and nearly the full length of this construct (residues 1-33) is structurally characterized. The second construct ( residues 26-109) also forms a tetrameric structure dominated by a four-helix bundle for residues 46-85 and a short additional helix for residues 92-101. The C-terminal region from residue 72 to 109 is dominated by glutamates and a couple of aspartates presenting a highly charged region that the authors show, via chemical shift perturbation, to bind M1 protein. So how important is the structure of BM2 solved by Chou and colleagues? This paper documents functional assays for both channel conductance and M1 protein binding. Furthermore, this is the only BM2 structure and the only structure of a full-length proton channel presently available. Until the day when we can solve these structures in the native cellular (or viral) environment, there will be risk of structural imperfections. M2 proteins are not alone among membrane protein structural controversies. Here, there may be a weakness in the structure at the bilayer interface (residues 27-41), but the structure of the TM region is largely consistent with the majority of the AM2 structures. Furthermore, the structure of the M1 binding domain is unique. This continues to be a daunting structural problem for many reasons, but primary among them is the fact that the interactions between helices in the transmembrane domain are weak and prone to distortion and dynamics. Understanding the stability of these oligomeric protein structures even among the AM2 structures of the same construct with and without the antiviral drugs. There are many differences in the details of how these structures were determined and of the environments used to mimic the membrane environment. The solid-state NMR structures have few interhelical distances, and most of the side chain conformations have not been characterized, but the backbone structures as well as the tilt and rotational angles of the helices were determined with high resolution. The solution AM2 NMR structure is actually that of a longer construct, and therefore a potentially more native-like sample; however, the solution NMR and X-ray structures use a detergent environment to model the membrane, whereas the solid-state NMR samples use lipid bilayers and, for two of these bilayer preparations, the data were collected from a liquid crystalline phase. Even lipid composition is known to inactivate membrane proteins and to alter membrane protein structure 12 , never mind the substitution of lipids for detergents.
Although their channel activity has received much attention, other functions associated with these M2 proteins are also important. For AM2 the N-terminal 24 residues or ectodomain seems to be important for viral budding 6 . Interestingly, although chimeras of BM2 with the N-terminal half of the transmembrane domain of AM2 are blocked to a considerable degree by amantadine, if a portion of the AM2 ectodomain is included, the channel is ≥85% blockable by amantadine 7 .
Residues 47-62 of AM2 form a membrane surface-bound amphipathic helix that may stabilize the tetrameric transmembrane domain by forming salt bridges from these amphipathic helices to adjacent monomers 8 . This amphipathic helix has numerous positive charges, similar to an analogous sequence (residues 27-41) in BM2 that is represented by terminal regions of the author's two constructs. This highly charged region presumably forms significant interactions with the negatively charged lipids of the native membrane inner leaflet. In addition, the amphipathic helix of AM2 has a palmitoylation site, Cys50, that is not present in BM2 and is anticipated to strengthen the interactions with the membrane. Such lipid interactions may suggest that this helix is involved in membrane trafficking and localization 9 . Finally, the C-terminal or cytoplasmic domain (residues 63-97 of AM2 and residues 42-109 of BM2) binds to M1 protein, promoting the recruitment of viral proteins and RNA to the plasma membrane for efficient viral assembly 10 . Figure 2 shows some of the AM2 transmembrane domain structures that have been deposited in the PDB, in comparison with the BM2 structure presented now. They all show a tetrameric left-handed helical bundle, and the helices have a significant tilt with respect to the bilayer normal. The structures of the top row were obtained in the absence of antiflu drugs, and those in the bottom row were obtained in the presence of amantadine or rimantadine. Several of the AM2 structures show helical kinks or bends near the Gly34 residue, a feature proposed to be important for channel activity 11 . Uniquely, the BM2 helical bundle is purported to be a coiled coil. This may be caused by the unique pattern of serine residues in BM2, SxxSxxxS (where the three serines are Ser9, Ser 12, Ser16), in which Ser16 is sequentially aligned with the AM2 Gly34. These small side chains permit close packing of helices. Alternatively, three of the four helices in this BM2 structure have a primary bend near Ser16 consistent with some observations in AM2.
Although there is a basic similarity between these structures, there are significant deviations n e w s a n d v i e w s is of great biophysical and functional importance for this class of proteins, which accounts for more than 50% of all drug targets. Chou and co-workers have described here an important structure that advances our knowledge substantially. Although a detailed mechanistic explanation of ion conductance is not immediately apparent, neither should it be expected. Membrane proteins have multiple native conformational states, ligand bound, ligand free, activated, inactivated, closed, open, and so on. An initial structure such as this BM2 structure is a crucial start toward understanding the conformational space over which this membrane protein carries out multiple functions.
Within a cellular environment, biological macromolecules constantly encounter the immense task of pinpointing the correct binding partner among thousands of different potential candidates. In addition, this interaction has to occur at the right place and the right time, ensuring the accurate integration of upstream and downstream events required for the propagation of a signal transduction pathway. To turn signals on and off, cells use post-translational modifications-small elements that when attached to macromolecules provide crucial adjustments of interaction surfaces, which allow specific protein-protein interactions 1 . In this sense, the attachment of the 76-amino-acid ubiquitin polypeptide to a lysine residue in the target protein ( ubiquitylation) creates the most dramatic alteration by providing an extensive new interaction surface. Different types of ubiquitin chains are generated by the sequential conjugation of multiple 2, 3, 6 . In this pathway, ubiquitin is initially involved in activation of the TAK1 kinase, which occurs through an interaction of Lys63-linked ubiquitin chains with the TAB2 or TAB3 adaptor subunit 6 . In a downstream event, the NF-κB essential modulator (NEMO, also known as inhibitory-κB kinase γ, IKKγ), which contains a UBAN domain ( ubiquitin-binding domain in NEMO and ABIN proteins), interacts specifically with linear ubiquitin chains, an event that is essential for efficient NF-κB activation 7, 8 . Finally, activation of the I-κB kinases (IKKα and IKKβ) relies on the degradation of the inhibitory factor I-κB by the proteasome, mediated by the attachment of Lys48-linked ubiquitin chains. Given that three different types of ubiquitin chains are involved in the regulation of NF-κB, it is clear that the interaction with their binding partners needs to be specific (Fig. 1) .
The work of Kulathu et al. 5 reveals how specificity for Lys63-linked ubiquitin chains is established by a UBD. The crystal structure shows that the NZF domain of TAB2 uses two different interaction surfaces to bind to the hydrophobic patches around Ile44 on both ubiquitin moieties in Lys63-linked diubiquitin chains 5 . The distal ubiquitin interacts with the previously described threonine-phenylalanine motif of the NZF domain, while the proximal ubiquitin engages in interactions with a novel binding surface containing Leu681, His678 and Glu685 patches on the NZF domain. The same structural organization was obtained for the NZF domain of TAB3 in complex with Lys63-diubiquitin 9 . Crystallization of TAB2 with chains of three ubiquitins revealed yet a third minor binding site, although this accounted only for weak interactions.
The knowledge that Lys63-linked and linear ubiquitin chains adopt similar conformations n e w s a n d v i e w s
